The prevalence of infections caused by methicillin-resistant organisms has increased, causing difficulty in the treatment of prosthetic joint infection. A multicenter study was performed to review 50 patients with deep infections with or without a resistant organism, such as methicillin-resistant Staphylococcus aureus, at the site of total knee arthroplasty. A group of 13 patients with early deep infections and 4 patients with acute hematogenous infections underwent treatment with debridement, antibiotic therapy, and retention of the prosthesis with revision of the polyethylene insert. Thirty-three patients with late chronic infections were treated with challenging prosthesis retention for prostheses that had not loosened or 2-stage exchange arthroplasty for prostheses that had loosened. Mean duration of follow-up was 4.7±1.8 years. No significant differences in resultant functional knees and mean number of operations were observed between 7 patients with resistant early deep infections and 6 patients with nonresistant early deep infections. However, 24 patients with nonresistant chronic infections showed significant improvement in resultant functional knees (24 of 24; 100%) and fewer mean operations (2.8 times) compared with 9 patients with resistant chronic infections (1 of 9, 11%, and 4.3 times, respectively). The remaining 8 patients with resistant chronic infections (89%) had arthrodesis (3 patients) or underwent above-theknee amputation (1 patient) or spacer arthroplasty (4 patients). Although patients with resistant early postoperative deep infections showed good results that were similar to those in patients with nonresistant early infections, those with resistant late chronic infections had a significantly inferior success rate compared with those who had nonresistant late chronic infections. [Orthopedics. 2015; 38(6):e529-e535.] The authors are from the
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nfection is an infrequent complication after total knee arthroplasty (TKA), with an incidence of 0.5% to 12%, [1] [2] [3] [4] [5] [6] [7] [8] [9] but it is a serious issue that can result in a prolonged course of treatment and high institutional expenses and can make it difficult for the patient to perform daily activities. To overcome and reduce this severe complication, several methods have been proposed for classifying and staging infection after TKA. Periprosthetic infection can be classified as acute early, acute hematogenous, or late chronic. 10, 11 The likelihood of successful treatment can be divided into 3 main categories: (1) whether the prosthesis can be retained or should be removed at the first treatment; (2) whether treatment results in a functional prosthetic knee or an antibiotic-impregnated cement spacer/arthrodesis/amputation as the final treatment; and (3) the number of operations needed until the infection is eradicated.
During the past 10 to 15 years, there has been an increase in the prevalence of infections caused by methicillin-resistant organisms, such as methicillin-resistant Staphylococcus aureus (MRSA) and methicillin-resistant Staphylococcus epidermidis (MRSE). Although the difficulty in treating infections with these resistant organisms after TKA is well known, there is little detailed evidence on the classification of MRSA/MRSE or non-MRSA/MRSE infections after TKA. Several surgeons reported that 2-stage exchange arthroplasty for resistant organisms resulted in a 24% to 40% reinfection rate. 12, 13 However, they did not compare infections with and without resistant organisms or classify infections as early vs late. Cordero-Ampuero et al 14 reported 47 late TKA infections and found no difference in the eradication of MRSA/ MRSE and non-MRSA/MRSE infections. However, these authors did not investigate differences in eradication at initial treatment, functional prosthetic knees, and the number of operations between MRSA/ MRSE and non-MRSA/MRSE infections.
Almost all studies of infection after TKA have focused on the United States and Europe. Recently, Kim et al 15 reported that the techniques proposed by the classification system 10, 11 effectively controlled infection and maintained functional TKA with firm fixation of the prosthesis in most Korean patients. However, their study did not consider resistant organisms. Therefore, as a retrospective multicenter study in Japan, the authors investigated 50 deep infections after TKA using a modification of the classification system described by Segawa et al 10 and Tsukayama et al, 11 including 3 main categories (acute early, acute hematogenous, and late chronic) and 2 subcategories (MRSA/MRSE and non-MRSA/MRSE). The goal of the study was to clarify the difference in results in the 3 classifications with respect to retained prostheses at initial treatment, functional prosthetic knees, and number of operations needed to eradicate infection with the modified infection classification system.
Materials and Methods
This study retrospectively reviewed 71 consecutive patients (71 knees) who had an infection after TKA between 2000 and 2010 and were treated at Kobe University or the other 3 joint arthroplasty centers in the same area. Sufficient follow-up was defined as a minimum of 2 years after the final treatment. Based on a relatively good clinical course, superficial infections were excluded. In addition, 4 patients with deep infections who had a short follow-up and 17 patients with superficial infections were excluded. All 17 patients with superficial infections were treated successfully with 1 or 2 courses of debridement and intravenous administration of antibiotics.
The remaining 50 patients with deep infections, including 38 men and 12 women, with a mean age of 71.1±7.7 years, were included in the study. Mean followup was 4.7±1.8 years. The study was approved by the institutional review board of Kobe University. Infection after TKA was diagnosed if any of the following criteria were met: (1) an abscess or a sinus tract communicating with the joint space; (2) positive preoperative aspiration culture findings on solid media; (3) 2 or more positive intraoperative culture findings; and (4) 1 positive culture finding on solid media in conjunction with gross purulence. In patients with negative culture findings, infection was diagnosed when any of the following findings were present: elevated white blood cell count and leukocyte differential count in the aspirated fluid 16 or abnormal serologic findings (erythrocyte sedimentation rate >30 mm/h, C-reactive protein level >1.0 mg/dL). Forty-four of the 50 knees had positive preoperative and/or intraoperative culture findings. The remaining 6 knees had negative culture findings. Staphylococci accounted for 35 of the 44 (80%) bacterial isolates. Overall, aerobic gram-positive cocci accounted for 42 of the 44 (95%) isolates, and gramnegative bacilli accounted for the remaining 2 (5%) ( Table 1) .
The authors modified the system of Tsukayama et al 11 and classified the infections as follows: (1) acute early infection, (2) acute hematogenous infection, and (3) late chronic infection ( Table 2) . Tsukayama et al 11 defined early infection as a wound infection (superficial or deep) that occurred less than 4 weeks after the index operation. Early superficial infections were excluded. Thirteen knees (26%) had early deep infections. Acute hematogenous infection was defined as an association with documented or suspected antecedent onset of symptoms (severe pain and swelling within 48 hours) in the affected joint with the prosthesis. 17 Four knees (8%) had acute hematogenous infections. Late chronic infection was defined as infection that occurred more than 4 weeks after the index operation and had insidious clinical presentation.
11 Thirty-three knees (66%) had late chronic infections.
Early deep infections were treated with debridement, replacement of the polyethylene insert, retention of the prosthesis, and intravenous administration of antibiotics for 6 weeks ( Table 2) . Patients with acute hematogenous infections were treated with debridement, replacement of the polyethylene insert, retention of the prosthesis (if it had not loosened), and intravenous administration of antibiotics for 6 weeks. Patients with late chronic infections were also treated with challenging prosthesis retention (replacement of the polyethylene insert) if it had not loosened or with 2-stage exchange arthroplasty if the prosthesis had loosened ( Figure 1A) . In 2-stage exchange arthroplasty, the authors performed debridement, removal of all prosthetic components and bone cement, and placement of vancomycinimpregnated (2.0 g/40-g batch of bone cement) articulating cement spacer molds (StageOne; Biomet, Warsaw, Indiana) 18 with intramedullary placed vancomycinboxed hydroxyapatite (0.3 g vancomycin/1.5 cm 3 box of Boneceram [Olympus Terumo Biomaterials Corp, Tokyo, Japan]; Figure 1B ). Antibiotics that were sensitive to the target organism were administered intravenously for 6 weeks. After completion of antibiotic therapy, erythrocyte sedimentation rate, C-reactive protein level, and total white blood cell and differential counts in the joint aspirates were obtained, and the patient was observed for 2 more weeks. In addition, if possible, cultures were obtained before reimplantation. All samples were confirmed to be negative. If the results of these tests showed no evidence of inflammation and there was no clinical evidence of recurrent infection, delayed exchange arthroplasty was performed. Multiple cultures of specimens obtained during revision surgery were performed to confirm eradication of infection. Then the antibiotic-impregnated spacer was removed and a Legacy Constrained Condylar Knee prosthesis (Zimmer, Warsaw, Indiana) or a PFC Sigma TC3 prosthesis (DePuy, Warsaw, Indiana) was inserted and fixed with bone cement ( Figure 1C) . Periprosthetic tissue specimens (including the joint capsule, synovial lining, intramedullary material from curettage, granulation tissue, and bone fragments) were obtained during the revision procedure for rapid diagnosis or obtained when the prosthesis was removed because of infection. Specimens were evaluated histologically. Histologic examination was not performed routinely when frank pus was present, as it was in many patients with early infection. The authors used the criterion of acute inflammation (>5 polymorphonuclear leukocytes/high-power field). 19 After failure of initial treatment, repeated debridement, repeated 2-stage exchange arthroplasty, above-the-knee amputation, or arthrodesis was performed ( Table 2) .
The success rate after the first course of treatment was determined for each protocol. If initial treatment was unsuccessful, the authors recorded the number and type of subsequent courses of treatment. A course of treatment was defined as a protocol that included an operation that was initiated with the goal of eradicating infection. Two-stage exchange arthroplasty was counted as 2 operations. In Methicillin-susceptible organisms 3 0 4
Methicillin-resistant organisms 6 3 9
Coagulase-negative staphylococci (n=10) 3 0 7
Methicillin-susceptible organisms 2 0 7
Methicillin-resistant organisms 1 0 0
Gram-negative bacilli (n=2)
No growth (n=6) 1 0 5 some patients, eradication was achieved only after multiple rounds of operations. Eradicated infection was defined as no clinical evidence of infection at least 1 year after the final operation at the time of the latest follow-up. For a knee to be considered functional, there had to be no or only slight pain with walking with a total joint prosthesis in place (with or without a cane) and no radiographic findings, such as progressive osteolysis or movement of the prosthetic components, that indicated a need for immediate or impending operative intervention. A nonfunctional knee was defined as noneradicated infection or established antibiotic-impregnated cement spacer/arthrodesis/amputation as the final treatment. Postoperative and followup radiographs were evaluated according to the system of the Knee Society. 20 Radiographic loosening was defined as either a complete radiolucent line at least 2 mm in width at the bone-cement or prosthesisbone interface or evidence of migration or subsidence of a component.
The success of treatment was assessed for each type of infection according to the following 3 classifications: (1) whether the prosthesis was retained or removed at the first treatment; (2) whether the treatment resulted in a functional prosthetic knee or an antibiotic-impregnated cement spacer/arthrodesis/amputation as the final treatment; and (3) the number of operations needed until the infection was eradicated. The success of treatment was also assessed and compared between the 2 subcategories, MRSA/MRSE and non-MRSA/MRSE, for each type of infection.
All 
results
The initial course of treatment was successful in 6 of 13 knees (46%) with early deep infection, 1 of 4 knees (25%) with acute hematogenous infection, and 21 of 33 knees (64%) with late chronic infection ( Table 3) . At the last evaluation, all 13 knees (100%) with early deep infection, 3 of 4 knees (75%) with acute hematogenous infection, and 25 of 33 knees (76%) with late chronic infection maintained functioning total knee prostheses ( Table 3) . Infection control after the first treatment improved further by repeated debridement and repeated 2-stage exchange arthroplasty, with a mean of 2.5 operations in early deep infections, 3.3 operations in acute hematogenous infections, and 3.2 operations in late chronic infections ( Table 3) .
In the assessment of early deep infections (Table 4) , 3 knees with MRSA/ MRSE infection (43%) and 3 knees with non-MRSA/MRSE infection (50%) retained the prosthesis at initial treatment, with no significant differences. All MRSA/MRSE and non-MRSA/MRSE early infections resulted in functional knees. Infection was controlled after a mean of 2.7 and 2.0 operations in MRSA/ MRSE and non-MRSA/MRSE infections, respectively.
In the assessment of acute hematogenous infections, the data were excluded from statistical analysis because of the small sample size. Although non-MRSA 
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infections resulted in 1 functional knee (100%) after 1 operation, MRSA infections resulted in 2 functional knees (67%) after a mean of 4 operations. With regard to retaining the prosthesis at the initial treatment, functional knees, and number of operations, non-MRSA/MRSE infections showed significant superiority over MRSA/MRSE infections. One remaining MRSA infection (33%) resulted in spacer arthroplasty.
In the assessment of late chronic infections (Table 5) Forty-one patients who had functioning TKA prostheses with stable fixation of the prosthesis to the host bone could walk with no pain or only slight pain (some with the assistance of a cane). Two patients who underwent above-the-knee amputation and spacer arthroplasty died 3 and 2 years after the final treatment. The remaining 7 patients who had arthrodesis (3 patients) and underwent spacer arthroplasty (4 patients) required a wheelchair.
discussion
The most important finding of the current study was that methicillin-resistant organisms influence the rate of successful functional knees in late chronic infection, but not in acute early deep infection. No significant differences in resultant functional knees and mean number of operations were observed between 7 patients with resistant early deep infections and 6 patients with nonresistant early deep infections. However, 24 patients with non-MRSA/MRSE chronic infections showed significant improvement in prostheses retained at initial treatment (17%), resultant functional knees (100%), and number of operations (mean, 2.8) compared with 9 patients with MRSA infections (retained prostheses at initial treatment, 0%; resultant functional knees, 11%; and mean number of operations, 4.3). These results showed that it was difficult to obtain good outcomes in patients with chronic MRSA/ MRSE infections, and these patients required multiple operations. For successful treatment of chronic MRSA/MRSE infection after TKA, careful observation is warranted for early detection. Based on the current study, early prosthesis removal is recommended as the initial treatment for late chronic MRSA/MRSE infection. In the assessment of 3 infection classifications, the initial course of treatment had limited success, but infection was eradicated in almost all cases at the last evaluation. The initial course of treatment was successful in 6 of 13 knees (46%) with early deep infections, in 1 of 4 knees (25%) with acute hematogenous infections, and in 21 of 33 knees (63%) with late chronic infections. At the last evaluation, all 13 knees (100%) with early deep infections, 3 of 4 knees (75%) with acute hematogenous infections, and 25 of 33 knees (76%) with late chronic infections maintained functioning total knee prostheses. In series of different sizes, the overall infection control rate associated with the use of irrigation and debridement for the treatment of early deep infections was 0% to 100%. [21] [22] [23] [24] [25] [26] Mont et al 23 reported that a protocol of multiple debridements was successful in the treatment of 10 of 10 early deep infections. In the current study, the success rate for initial treatment in early deep infections was 46%, which is comparable to the rates of 50% and 84% reported in other series. 10, 15 However, the infection control rate improved to 100% after repeated debridement and repeated 2-stage revision. Cordero-Ampuero et al 14 reported that 34 (81%) of 42 late chronic infections treated with debridement or 2-stage exchange arthroplasty maintained functioning total knee prostheses at the last evaluation, similar to the findings of the current study (76%). In addition, the current study investigated the number of operations needed for eradication of infection. Although similar numbers of operations were recorded in the 3 categories of infection, late chronic infections showed a wide range of 2 to 9.
Although treatment based on classification may lead to good clinical outcomes and success rates, as previously reported, 15 subcategorization with and without resistant organisms (as in the current study) may provide useful information to surgeons and further improve the treatment algorithm. Little information is available on the comparison of infections with and without resistant organisms. Kilgus et al 27 reported 16 knees with periprosthetic infections caused by a resistant organism; 13 knees (81%) underwent reimplantation. In another comparative study of 6 patients who had 2-stage reimplantation because of periprosthetic infection with a resistant organism, 4 had a successful result (33% reinfection). 28 Mittal et al 12 reported a 24% reinfection rate in 37 infections with resistant organisms treated with 2-stage exchange arthroplasty. Parvizi et al 13 also reported 61 infections with resistant organisms. In this study, reinfection occurred in 55% (6 of 11) that were treated with irrigation and debridement and in 40% (16 of 40) that were treated with 2-stage exchange arthroplasty. However, these studies did not classify infections as early or late. Cordero-Ampuero et al 14 reported eradication of infection in 47 late infections, including 88% (22 of 25) with MRSA organisms and 100% (14 of 14) with methicillin-sensitive Staphylococcus aureus organisms.
14 However, they did not investigate differences in eradication at initial treatment, functional prosthetic knees, or the number of operations between MRSA/MRSE infections and non-MRSA/MRSE infections. In the current study of a Japanese population, of 19 patients (7 acute early, 3 acute hematogenous, and 9 late chronic infections), 15 patients with MRSA/MRSE organisms (4 acute early, 3 acute hematogenous, and 8 late chronic infections) required additional operations for eradication of infection. Of 19 patients, 10 with MRSA/MRSE organisms (7 acute early, 2 acute hematogenous, and 1 late chronic) had a functional prosthetic knee. Compared with previous studies, 12, 28 the comparable outcome may be worse. One reason may be that although all 19 infections underwent final treatment at an arthroplasty center, 13 were initially treated at a nonarthroplasty center. No significant differences in retained prostheses, resultant functional knees, or mean number of operations were observed between 7 patients with resistant early deep MRSA/MRSE infections and 6 patients with nonresistant early deep non-MRSA/MRSE infections. However, 24 patients with late chronic non-MRSA/ MRSE infections showed significant improvement in retained prostheses at initial treatment (17%), resultant functional knees (100%), and number of operations (mean, 2.8) compared with 9 patients with MRSA infections (retained prostheses at initial treatment, 0%; resultant functional knees, 11%; and mean number of operations, 4.3). These results suggest that late chronic but not acute early MRSA/MRSE infections should be treated carefully with at least early removal of the prosthesis for a successful outcome. The results also recommend an algorithm for the management of late chronic infection (Figure 2 ), showing that a prosthesis without resistant organisms can be retained with debridement and replacement of the polyethylene insert, but a prosthesis with resistant organisms should be removed at the initial treatment.
Limitations
The current study had several limitations. First, this study was a retrospective review that used a classification method for infection after TKA. Second, the sample size was too small to reach a final conclusion, and so reliable pain and function scores were not obtained. Therefore, more cases must be studied to analyze pain and function scores for revision TKA after infection. Finally, despite a minimum 2-year follow-up period, the follow-up of some patients may have been too short to ensure that all infections were controlled.
conclusion
The findings indicated that knees with late chronic MRSA/MRSE infections had a significantly inferior success rate compared with knees with non-MRSA/MRSE infections. However, the data suggest that treatment based on 3 types of infection after TKA could control the infection and maintain functional TKA in most patients, except those with late chronic MRSA/ MRSE infections. Repeated debridement and 2-stage exchange arthroplasty further improved the infection control rate after initial treatment and increased the likelihood of maintaining a functional TKA.
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